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(54) Semiconductor device 
manufacture 

(57) A method in "which ah isolating 
structure js defined by ion , :\ 
implantation in the presence of an 
attenuating windowed mask (1). The 
thickness of the mask e.g. oxide and 
the energy of the ions is chosen so 
that ions just penetrate the surface of 
a semiconductor substrate 3 
underlying the mask 1 but deeply 
penetrate the substrate 3 in the 
region of the windows 5. 
Implantation is conducted at an 
elevated temperature so that 
amorphous material formation is 
prevented. This temperature may be 
reached and maintained by the heat 
of ion absorbtion, the substrate (1) 
being thermally isolated therefor. 
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The drawing(s) originally filed was/were informal and the prim here reproduced is taken from a later filed formal copy. 
The claims were filed later than the filing date within the period prescribed by Rule 25(1) of the Patents Rules 1982. 

This print takes account of replacement documents submitted after the date of filing to enable the application to comply with 
the formal requirements of the Patents Rules 1982. 
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SPECIFICATION 



Method of semi conductor device manufac- 
ture y *' : • Ul - t . c 

5 1 ^-r- rr , ( ,, ri: .... 

Technical Field ■»»:.•,•• 
TKfe'; : pre§&njf-Mhvehtib'ri concerns improvements 
in or relating to methods* of semiconductor 
1 devicfe'mahfifactureV arid in particular . methods 
1 0 for producing devices having both lateral .and 

vertical isolation, structure. «. 

Layers of dielectric material of lateral: and 
vertical, extent are employed to isolate regions 
of semiconductor material, providing thus insu- 
15 lation between adjacent elements of integrated 
circuits. 

Background Art 

Many techniques are known for depositing 

20 or forming dielectric layers. Surface implanta- 
tion, as also selective area deep implantation, 
have been used to define lateral isolation 
layers. Following production of these layers, it 
is usual to adopt a masking layer to define 

25 active areas which are then produced by is- 
land etching or by LOCOS oxidation. 

Disclosure of the Invention 

The present invention provides an alternative 

30 method wherein lateral and vertical isolation 
layers are produced simultaneously, reducing 
thus the number of processing steps required 
during device manufacture. 

In accordance with the invention there is 

35 thus provided a method of semiconductor de- 
vice manufacture comprising the following 
steps:-providing, on the surface of a single 
crystal semiconductor material substrate, a 
windowed layer of energy absorbent material; 

40 implanting at an elevated temperature a rela- 
tively high dose of implant species at such a 
high energy sufficient to just penetrate the 
surface of the substrate underlying the win- 
dowed layer, and, to deeply penetrate the ex- 

45 posed semiconductor material; and, thereafter, . 
annealing at a high temperature sufficient to 
consolidate dielectric material produced by re- 
action of the semiconductor material and the 
implanted species, forming lateral surface and 

50 buried layers and vertical layers. 

In the aforesaid manner, lateral and vertical 
isolation structure is produced simultaneously. 
The depth of the buried lateral layer is depen- 
dent on the energy and dose of the implant 

55 radiation. The thickness of the energy absor- 
bent layer is chosen according to the value of 
implant energy used and the depth to the bur- 
ied layer. 

Where silicon is chosen as the semiconduc-.. 

60 tor material, it is convenient to adopt oxygen 
as the implant species to form thus layers of 
silicon oxide dielectric material. Other semicon- 
ductor materials (eg. gallium arsenide), and 
other implant species (eg. nitrogen) forming 

65 other dielectric materials (eg. silicon nitride) 



however, are riot" precluded from the general, 
. scope jof . this in yentio o . 
, The substrate^ may 'be themally isolated, the 
energy of ^bsorbtibn 'elevating 1 local tempera- 

70 ture arid maintaining the same Alternatively, 
heaters may be used to assist in maintaining 
the substrate ,at the elevated temperature dur- 
ing, irjipjantation. ^ This.^Wsures^ 'that- trie 'semi- 
, conductor material, egT sllicbri disturbedvby 

75 implantation, re'crystallises and does not form 
an amorphous structure r 

fin the foregoing definition the term vertical 
layers" refers' to : ia.yefs t ';provTdihg continuity be- 
tween the surface 'and buried; lateral' layers. No 

80 /implication oisinct verticalityl' therefore 1 , is in- 



Brief Intrpduction of trie' Drawings r - ^ 

In the "drawings accompan yihg th'is : specif ica- 
•95. tion:- • f Vl 6 ^! i^i-utv. ■& <0t 

"'. figures ,1 &irtd\& Wfe 1 f c^ross-s'ic'tib'rls^'df part 
of an integV^ implantation 
' a'ncj 'ciiefdctr ic ; layer formatibrl performed :by the 
" : metfe^]^ >>. ;,,,r, 

,1 prescription . of' premrre'd' EmBtidime'nt J M ( 
H } Sq that trie^ invention may be c better under- 
' stood, an embodiment thereof wilK now be 
.. described with reference. to the -drawings. The 
95 description' ^ 

example only. , ^ l ^:'-^V^ r;.*n> :oc^irv 
.!?$s, .^oWrV'ih Fig9^ J ^covering layer 1 of:, 
energy 'absoYberrV mate^ia^ sili- 
. con oxide, has been provided* on ^the surface 
100 , of a single cr7star^Hicbh^ semiconductor ma- 
terial substrate 3 "This layer T^rriay be so 
prpiucejd by either thermal growth or by con- 
, yentipnai ' o*ide J 'de^o'sWibri' :i Yechn|que: fcWin- 
! dbws 5 Have' be£n ! opened' ih^this. covering 
105 layer 1 fcry'Vna'ans i ? b^S^-Wiet'ch'erhicdf etch — eg. 
buffered hydrofluoric acid etchant, following a 
step of photolithographic mask ^definitions It is 
, ^. .h in the 

. " ' "* [ -"nfi'a^K^edge 'Haying^^ipefed/^lrdfile^'The resist 
' l ip mask Has ^bee^ J rerrioVed : ^by---a^hirig-.and is not 
showr) in Fig 1 . 1 ; ;1 * f V :> ' >: ''' ,J ^ !, / : *' :r '---> 
. This; £tfery of the; ^process^pro^ides^aetlve 
are^ ^ requisite' fbr 'the^ integrated 

circuit device: ,Jii ': r - v &rft>h r.ijn yhi\-'r 
1 .15 jrV the ^example ■ illustrated; ithisJ step? is fol- 
io wed 'b^'liijjrr ^-ehef gyi^higH dose.' implantation 
of oxidizing 

gen'Vpns arah' erte dose 
of 'c.' i&iO** at/cm 2 . l At; this 5 high «energy, full 

.1 20. . energyiimplah^ ex- 
posed *by /thfe 1 ^ i hdbWs r: 5^flSsLlts ,I in. , the forma- 
tion of a' lateral layer 7 ; of ; buried^ silicon ^oxide 
dielectric material: " Typically this Mayer: 7 will be 
A-5000A thick and buried- at a depth of 

125 2 r 3000A for the energy and dose stated. 

The triickhess df theVlayer Vof» energy absor- 
berit rhaiJeriai;— eg.'2^3O0OA oxide; that has 
been adopted, however, is suchithat the im- 
plant species penetrates only that silicon ma- 

130 terial that is near to the surface. At this sur- 
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face therefore a 8Uif/aqfi,Ja¥prajVlayer 9 -of die- 
lectric material js t ^rodMcecl.. This . layer 9 and 
the buried iayer 7 are intercphhected by a 
. continuous "vesica.' V layer 11 lyihg; beneath 
5 .the. window /mask; ipt^ In this ; con- 

text '.it' is .noted j that the depth of the buried 
layer 7 is comparable to the } thickness of the 
surface layer 9. this avoids any discontinuity 
in the "vertical" ' faye^ ./i:^ 'that; e^nds^be- 
10 tween these lateral layers 7; 9. As the ' mask 
... - edgerhas a. : tapered pr^iie^ihis alsb aids in 
--».. producing layer continuity . 

It is noted that the substrate is thermally 
"insulated' from hs : ehVi?6r)me : ni : sb= 'that' the sili- 
15 con material, disturbed by implantation; will 
recrystalise.at an r elevated temperature 
(>35G^Crneaphed f and^^^ 
absorbed during implantation. 
.h:- >FollGWing^j^elanUrKiofi ff ;.1}ie substrate is an- 

20 nealed , ^^^i^mP^^^P 3 ^^ x ° 
consolidate dielectric layer, formation .providing 
thus a more abrupijnsu|atqr/sem in- 
terface, to anneal out implantation damage, 
and to, smooth: out any dQFjarrt .redistn^utibn. 
25: v, Optionally,; the cp>/enng layer of oxide 
:!mayrt>^^emoye<j tcv facili^t^ further planar 
.processing' :/Rig.> ,2) , s , , : ,!!;;./ . 

Alternatively,^ it may . be, retained for reducing 
interconnect capacitance. . : \\' rt ,'.\\. ,.' 

30 '! "Fhe;i method foregoing has, inter alia, appli- 
■ cation oto,. : y,LSI silicon' circuit prpce^sins 
r^(NMQS/i£;ryiGS)^>. t (l , tJ '., 

r-lt iis also. jnpted-that, the se^ ma- 
terial gallium arsenide will also react with im- 
35 , planted/oxygen forming Jnsulatjnjgj dielectric 

^'materirt,vV&^ * ne 
method fo.regoing, : 4Herefore, is also applicable 

, to Ill^VrvSemiconductor m^ 

art.? A . 

viz* ^ manufacture . CQQEipsish3ig./^ijB .^SRY^fl-.- steps:— 
-v. :< |.v-providingi.vphvthe^:Su #3! e cr V s ^ al 

semiconductor material substrate, a windowed 
45'^ layer ?6f renergy absorbent rnateriial; ' 
■•■.■£.«•, implanting. aian elevated ^mjJerature a rela- 
tively high dose, of Implan^ a 
•'a ■■ J high .energy sufficient *tp-, just penetrate the 
: . - surface of the. substrate %underlyirig.the win- 
:c '50 r'dowed-layer>v : and] ' k^4J?^yrR^9V^ xhe ex ~ ! 
posed semiconductor '.material; and, L thereafter, 
. annealing* at. a high temperature 'sufficient to 
. consolidate dielectric material, produced by re- 
action of the semiconductor material and the 
55 implanted species, forming lateral surface and 
: buried Jayers and vertical. layers.. 

2. A method as .claimed in claim 1, 
7 wherein the substrate is. thermally isolated — - 
such that it is raised to and maintained at the 
60 elevated temperature by implant energy a.b- 
sorbtion. . . 

•> .3. A method as claimed in claim 1 wherein 
one or more heaters; are provided to maintain 
the substrate at the elevated temperature, 
cc a a rr^othnH. as claimed in anv one of the 



preceding claims wherein the energy absor- 
bent material includes, oxide. , ; .. ;|i 

5. A method, as claimed in any one of the 
preceding claims, wherein the implant species 
70 is oxygen. • . ^ ;- v . ... 
■ 6. i A methqchof. semiconductor, device 
manufacture performed substantially a^ de- 
scribed hereinbefore with refe^nce.to and as 
shown' in the.' accompanying dijawings.. 
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